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METHODS FOR OBTAINING GATE STACKS
WITH TUNABLE THRESHOLD VOLTAGE
AND SCALING

BACKGROUND

The present mvention relates to methods of fabricating
semiconductor structures. More particularly, the present
invention relates to methods of fabricating complementary
metal oxide semiconductor (CMOS) structures including
threshold voltage tuned and scaled gate stacks.

In semiconductor devices including field effect transistors
(FE'Ts), threshold voltage of the transistors has been con-
trolled by doping an impurity into the channel region and by
appropriately adjusting the dose amount. Threshold voltage
control using only this technique, e.g., only through adjust-
ment of the amount of channel 1mpurity, however, raises
nonconformities such that an increase i1n the dose of the
impurity to be doped into the channel region may lower
ON-state current due to scattering by the impurity, may
increase the Gate-Induced Drain Leakage (GIDL) current,
and may increase substrate current upon application of sub-
strate voltage. For this reason, low-power-consumption
devices having a large amount of impurity doped into the
channel region have occasionally resulted 1n a decrease 1n the
ON-state current, and an increase 1n the GIDL current.

Another prior art technique that has been used to control
the threshold voltage of the FET device1s to fabricate a device
in which different conductivity type transistors, e.g., nFETSs
and pFETSs, are formed on gate oxides that have a different
thickness. That 1s, 1t 1s known to form a device 1n which the
thickness of the gate oxide film of an nFET 1s different from
that of a gate oxide film of a pFET.

In recent years, there has been another trend of using a high
dielectric constant film, 1.e., a high k dielectric, as the gate
insulating film of FET devices. High k dielectrics are those
dielectrics that have a dielectric constant that 1s greater than
s1licon oxide. Representative high k dielectrics that are useful
as a gate insulating material include metal oxides such as, for
example, zirconium oxide and hainium oxide. The use of high
k dielectrics as the gate insulating film of a metal oxide
semiconductor field effect transistor ( MOSFET) can success-
tully reduce the equivalent silicon oxide thickness 1n an elec-
trical sense, even 11 the physical thickness thereof 1s increased
relative to a silicon oxide dielectric film. Hence, high k dielec-
trics, when used as a gate insulating film, are stable both 1n a
physical sense and 1n a structural sense. This makes it possible
to increase the metal oxide semiconductor (MOS) capaci-
tance for improved MOSFET characteristics, and to reduce
gate leakage current as compared with conventional devices
in which silicon oxide was used as the gate insulating film.

Although high k dielectrics provide improvements over
conventionally used silicon oxide as the gate insulating film
in a FET device, the use of the same 1s not without problems.
For example, FET devices including high k gate dielectrics
exhibit a non-1deal threshold voltage when the device 1s used.

In the prior art, various techniques including, for example,
forming a threshold voltage adjusting layer interposed
between the high k gate dielectric and the gate electrode have
been proposed. In such threshold voltage adjusting tech-
niques, the threshold voltage adjusting layers for nFET and
pFETs are deposited as blanket layers and need to be pat-
terned by etching for CMOS device fabrication. The acts of
deposition and removal of the threshold voltage adjusting
layers result 1n residual traces that impact the threshold volt-
age of the devices.
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Also, 1n prior art techmiques in which a threshold voltage
adjusted gate stack 1s provided that includes a threshold volt-

age adjusting layer interposed between a high k gate dielectric
and a gate electrode, wet etching 1s typically used in pattern-
ing the threshold voltage adjusted gate stacks. When wet
ctching 1s employed in patterning the threshold voltage
adjusted gate stacks, an undercut of the threshold voltage
adjusting layer beneath the gate electrode 1s observed. The
undercutting of the threshold voltage adjusting layer 1s unde-
sirable since the dimension of the final gate stack would
deviate from required criteria. Moreover, the wet etching
employed should be benign to the regions being protected,
while being potent in the regions needed for removal.

SUMMARY OF INVENTION

Methods of forming complementary metal oxide semicon-
ductor (CMOS) structures with tunable threshold voltages are
provided. The methods disclosed in the mnstant application
include a techmique of obtaiming selective placement of
threshold voltage adjusting materials on a semiconductor
substrate by using a block mask prior to deposition of the
threshold voltage adjusting materials. The block mask 1s sub-
sequently removed to obtain a patterned threshold voltage
adjusting material on the semiconductor substrate. The meth-
ods are material independent and can be used 1n sequence for
both nFET threshold voltage adjusting materials and pFET
threshold voltage adjusting matenals. In some embodiments,
the methods allow for the use of a single conductive matenal,
particularly a single metal, and a single high k gate dielectric
(1.e., a dielectric having a dielectric constant that 1s greater
than silicon oxide) to obtain band edge CMOS devices on the
same semiconductor substrate.

In a first embodiment of the invention, a method of fabri-
cating a complementary metal oxide semiconductor (CMOS)
structure with tunable threshold voltage 1s disclosed 1n which
threshold voltage adjusting maternials are selectively formed
above a high k gate dielectric. In the first embodiment, the
method includes providing a structure including a high k gate
dielectric located atop a semiconductor substrate, said semi-
conductor substrate including at least two device regions. A
first block mask 1s formed on a surface of the high k gate
dielectric 1n one of the device regions, while leaving the high
k gate dielectric exposed 1n another device region. A first
threshold voltage adjusting maternal 1s formed on the first
block mask in the one device region and atop the exposed high
k gate dielectric 1n the another device region. The first thresh-
old voltage adjusting material and the first block mask are
removed from the one device region, while maintaining the
first threshold voltage adjusting material 1n the another device
region. A second block mask 1s formed on the first threshold
voltage adjusting material, while leaving the high k gate
dielectric within the one device region exposed. A second
threshold voltage adjusting material 1s formed on the second
block mask 1n the another device region and atop the exposed
high k gate dielectric 1n the one device region. The second
threshold voltage adjusting material and the second block
mask are removed from the another device region, while
maintaining the second threshold voltage adjusting material
in the one device region.

The method of the first embodiment can also include a step
of forming a conductive material atop the first and second
threshold voltage adjusting materials 1n both device regions.
The method of the first embodiment can also include a pat-
terning step in which the material stack 1n both device regions
1s patterned into a gate stack. In some cases of the first
embodiment of the invention, the patterned gate stack 1n the
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one device region includes, from bottom to top, a patterned
high k gate dielectric, a patterned second threshold voltage
adjusting material and a patterned conductive matenal, while
the patterned gate stack in the another device region includes,
from bottom to top, a patterned high k gate dielectric, a
patterned first threshold voltage adjusting material and a pat-
terned conductive material. After forming the patterned gate
stacks 1n the various device regions, further CMOS process-
ing can be performed.

In a second embodiment of the invention, a method of
fabricating a complementary metal oxide semiconductor
(CMOS) structure with tunable threshold voltage 1s disclosed
in which threshold voltage adjusting materials are selectively
formed prior to the formation of the high k gate dielectric. In
the second embodiment, the method includes providing a
semiconductor substrate having at least two device regions. A
first block mask 1s formed atop a surface ol the semiconductor
substrate 1n one of the device regions, while leaving a surface
of the semiconductor substrate in another device region
exposed 1n another device region. A first threshold voltage
adjusting material 1s formed on the first block mask in the one
device region and atop the exposed semiconductor material in
the another device region. The first threshold voltage adjust-
ing material and the first block mask are removed from the
one device region, while maintaiming the first threshold volt-
age adjusting material 1n the another device region. A second
block mask 1s formed on the first threshold voltage adjusting,
maternal, while leaving the surface of the semiconductor sub-
strate within the one device region exposed. A second thresh-
old voltage adjusting material 1s formed on the second block
mask 1n the another device region and atop the exposed sur-
face of the semiconductor substrate 1n the one device region.
The second threshold voltage adjusting material and the sec-
ond block mask are removed from the another device region,
while maintaining the second threshold voltage adjusting
material 1n the one device region. A high k gate dielectric 1s
tormed atop the first threshold voltage adjusting material and
atop the second threshold voltage adjusting material in the at
leasttwo device regions. A conductive material 1s formed atop
the high k gate dielectric 1n the at least two device regions.

The method of the second embodiment can also 1include a
patterning step in which the material stack i both device
regions 1s patterned 1nto a gate stack. In some cases of the
second embodiment of the imnvention, the patterned gate stack
in the one device region includes, from bottom to top, a
patterned second threshold voltage adjusting material, a pat-
terned high k gate dielectric, and a patterned conductive mate-
rial, while the patterned gate stack in the another device
region includes, from bottom to top, a patterned first threshold
voltage adjusting material, a patterned high k gate dielectric,
and a patterned conductive material. After forming the pat-
terned gate stacks in the various device regions, further
CMOS processing can be performed.

In a third embodiment of the present invention, a method of
fabricating a complementary metal oxide semiconductor
(CMOS) structure with tunable threshold voltage 1s disclosed
in which some threshold voltage adjusting materials are
selectively formed prior to the formation of a high k gate
dielectric and other threshold voltage adjusting materials are
selectively formed after formation of the high k gate dielectric
such that some threshold voltage adjusting maternial are
located beneath the high k gate dielectric and other threshold
voltage adjusting materials are formed atop the high k gate
dielectric. This embodiment of the present invention includes
providing a semiconductor substrate having at least two
device regions. A first block mask 1s formed within one of the
device regions, while an upper surface of the substrate 1n
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another device region 1s exposed. A first threshold voltage
adjusting material 1s formed on all exposed surfaces of the
structure including the first block mask. The first threshold
voltage adjusting material and the first block mask are
removed from the one device region, while the first threshold
voltage adjusting material remains in the another device
region. A ligh k gate dielectric 1s formed on all exposed
surfaces of the structure thus formed. A second block mask 1s
formed atop the high k gate dielectric in the device region
including the first threshold voltage adjusting material. A
second threshold voltage adjusting material 1s formed on all
exposed surfaces of the structure including the second block
mask. The second threshold voltage adjusting material and
the second block mask are selectively removed from the
device region including the first threshold voltage adjusting
material, while the second threshold voltage adjusting mate-
rial 1s maintained atop the high k gate dielectric in the another
device region. A conductive material can be formed atop the
high k gate dielectric and the second threshold voltage adjust-
ing material. A gate patterning step and further CMOS pro-
cessing can be formed as described above 1n the first embodi-
ment of the invention. In some cases of the third embodiment,
a first patterned gate stack 1s provided that includes, from
bottom to top, a patterned high k gate dielectric, a patterned
second threshold voltage adjusting material, and a patterned
conductive material, and a second patterned gate stack 1is
provided that includes, from bottom to top, a patterned first
threshold voltage adjusting material, a patterned high k gate
dielectric and a patterned conductive material.

BRIEF DESCRIPTION OF SEVERAL VIEWS OF
THE DRAWINGS

FIG. 1 1s a pictonial representation (through a cross sec-
tional view) depicting an 1nitial structure including a high k
gate dielectric located atop a semiconductor substrate that can
be employed 1n a first embodiment of the invention.

FIG. 2 1s a pictonial representation (through a cross sec-
tional view) depicting the structure of FIG. 1 after forming a
first block mask on an upper surface of the high k gate dielec-
tric within one device region of the substrate.

FIG. 3 1s a pictonial representation (through a cross sec-
tional view) depicting the structure of FIG. 2 after forming a

first threshold voltage adjusting material on all exposed sur-
faces of the structure.

FIG. 4 1s a pictorial representation (through a cross sec-
tional view) depicting the structure of FIG. 3 after removing,
the first threshold voltage adjusting material and the first
block mask from the one device region, while leaving a por-
tion of the first threshold voltage adjusting material within
another device region of the substrate.

FIG. 5 1s a pictonial representation (through a cross sec-
tional view) depicting the structure of FIG. 4 after forming a
second block mask atop the first threshold voltage adjusting
material remaining within the another device region.

FIG. 6 1s a pictonial representation (through a cross sec-
tional view) depicting the structure of FIG. 5 after forming a
second threshold voltage adjusting material on all exposed
surtaces of the structure.

FIG. 7 1s a pictorial representation (through a cross sec-
tional view) depicting the structure of FIG. 6 after removing,
the second threshold voltage adjusting material and the sec-
ond block mask from the another device region, while leaving
a portion of the second threshold voltage adjusting material
within the one device region of the substrate.



US 7,943,458 B2

S

FIG. 8 1s a pictorial representation (through a cross sec-
tional view) depicting the structure of FIG. 7 after forming a
conductive material on all exposed surfaces.

FIG. 9 1s a pictonial representation (through a cross sec-
tional view) depicting the structure of FIG. 8 after the forma-
tion of a patterned gate stack within each ofthe device regions
and turther CMOS device fabrication.

FIG. 10 1s a pictorial representation (through a cross sec-
tional view) depicting an initial structure including a semi-
conductor substrate having at least two device regions that
can be employed 1n a second embodiment of the invention.

FIG. 11 1s a pictorial representation (through a cross sec-
tional view) depicting the imitial structure of FIG. 10 after
forming a first block mask atop an upper surtace of the mitial
structure 1n one of the device regions.

FIG. 12 1s a pictorial representation (through a cross sec-
tional view) depicting the structure of FIG. 11 after forming a
first threshold voltage adjusting material on all exposed sur-
faces of the structure.

FIG. 13 1s a pictorial representation (through a cross sec-
tional view) depicting the structure of FIG. 12 after removing,
the first threshold voltage adjusting material and the first
block mask from the one device region, while leaving a por-
tion of the first threshold voltage adjusting material within
another device region of the substrate.

FIG. 14 1s a pictorial representation (through a cross sec-
tional view) depicting the structure of FI1G. 13 after forming a
second block mask atop the first threshold voltage adjusting
material remaining within the another device region.

FIG. 15 1s a pictorial representation (through a cross sec-
tional view) depicting the structure of FIG. 14 after forming a
second threshold voltage adjusting material on all exposed
surtaces of the structure.

FIG. 16 1s a pictorial representation (through a cross sec-
tional view) depicting the structure of FIG. 15 after removing,
the second threshold voltage adjusting material and the sec-
ond block mask from the another device region, while leaving
a portion of the second threshold voltage adjusting material
within the one device region of the substrate.

FIG. 17 1s a pictorial representation (through a cross sec-
tional view) depicting the structure of FI1G. 16 after forming a
stack of a high k gate dielectric and a conductive material on
all exposed surfaces.

FIG. 18 1s a pictorial representation (through a cross sec-
tional view) depicting the structure of FIG. 17 after the for-
mation ol a patterned gate stack within each of the device
regions and further CMOS device fabrication.

FIG. 19 1s a pictorial representation (through a cross sec-
tional view) depicting an initial structure that can be
employed 1n a third embodiment of the invention including a
first threshold voltage adjusting material located atop a sur-
face of a semiconductor substrate in one device region, while
the upper surface of the semiconductor substrate in the
another device region 1s exposed.

FIG. 20 1s a pictorial representation (through a cross sec-
tional view) depicting the structure of FI1G. 19 after forming a
high k gate dielectric on all exposed surfaces of the structure.

FIG. 21 1s a pictorial representation (through a cross sec-
tional view) depicting the structure of FIG. 20 after forming a
block mask atop the high k gate dielectric that 1s located atop
the first threshold voltage adjusting material.

FI1G. 22 1s a pictorial representation (through a cross sec-
tional view) depicting the structure of FIG. 21 after formation
of a second threshold voltage adjusting material atop all
exposed surfaces of the structure.

FI1G. 23 15 a pictorial representation (through a cross sec-
tional view) depicting the structure of FIG. 22 after removing,
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the second threshold voltage adjusting material and the block
mask from one of the device regions, while leaving the second

threshold voltage adjusting material atop the high gate k
dielectric 1n the another device region.

FIG. 24 1s a pictorial representation (through a cross sec-
tional view) depicting the structure of FIG. 23 after forming
of a conductive material atop all exposed surfaces of the
structure.

FIG. 25 1s a pictorial representation (through a cross sec-
tional view) depicting the structure of FIG. 24 after gate
patterning and further CMOS processing.

DETAILED DESCRIPTION

The present invention, which provides methods for fabri-
cating gate stacks with tunable threshold voltage and scaling,
will now be described in greater detail by referring to the
following discussion and drawings that accompany the
present application. It 1s observed that the drawings of the
present application are provided for illustrative proposes and,
as such, the drawings are not drawn to scale.

In the following description, numerous specific details are
set forth, such as particular structures, components, materials,
dimensions, processing steps and techniques, 1n order to pro-
vide an understanding of some aspects of the present inven-
tion. However, 1t will be appreciated by one of ordinary skall
in the art that the invention may be practiced without these
specific details. In other instances, well-known structures or
processing steps have not been described in detail in order to
avold obscuring the ivention.

It will be understood that when an element as a layer, region
or substrate 1s referred to as being “on” or “over” another
clement, it can be directly on the other element or intervening
clements may also be present. In contrast, when an element 1s
referred to as being “directly on” or “directly over” another
clement, there are no intervening elements present. It will also
be understood that when an element 1s referred to as being
“beneath” or “under” another element, 1t can be directly
beneath or under the other element, or intervening elements
may be present. In contrast, when an element 1s referred to as
being “directly beneath” or “directly under’” another element,
there are no intervening elements present.

Referring first to FIGS. 1-9, there 1s shown a first embodi-
ment of the present mvention 1n which threshold voltage
patterning 1s performed after formation of a high k gate
dielectric on a surface of a semiconductor substrate.

Referring to FIG. 1, there 1s shown an initial structure 10
that can be employed 1n a first embodiment of the invention.
Specifically, the initial structure 10 includes a semiconductor
substrate 12 having a first device region 14 and a second
device region 16. The 1nitial structure 10 also includes 1sola-
tion regions 18 located within the semiconductor substrate
12. Although two device regions are described and illustrated,
the present 1nvention can be employed when a plurality of
device regions are present.

The mmitial structure 10 further includes a high k gate
dielectric 20 located atop the semiconductor substrate 12 1n
both the first device region 14 and the second device region
16. The first device region 14 1s either an nFE'T device region
or a pFET device region, while the second device region 16 1s
the other of an nFET device region or a pFET device region.

The semiconductor substrate 12 1s comprised of any semi-
conductor material including but not limited to S1, Ge, S1Ge,
S1C, S1GeC, GaAs, GaN, InAs, InP and all other I11/V or II/ VI
compound semiconductors. Semiconductor substrate 12 can
also comprise an organic semiconductor or a layered semi-
conductor such as S1/51Ge, a silicon-on-insulator (SOD, a
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S1Ge-on-nsulator (SGOI) or a germanium-on-insulator
(GOI). In some embodiments of the present invention, 1t 1s
preferred that the semiconductor substrate 12 be composed of
a S1-containing semiconductor material, 1.e., a semiconductor
material that includes silicon. The semiconductor substrate
12 may be doped, undoped or contain doped and undoped
regions therein. The semiconductor substrate 12 may include
a single crystal orientation or 1t may include at least two
coplanar surface regions that have different crystal orienta-
tions (the latter substrate 1s referred to in the art as a hybrid
substrate). When a hybrid substrate 1s employed, an nFET 1s
typically formed on a (100) crystal surface, while a pFET 1s
typically formed on a (110) crystal plane. The hybrid sub-
strate can be formed by techniques that are well known 1n the
art. See, for example, co-owned U.S. Pat. No. 7,329,923, U.S.
Publication No. 2005/0116290, dated Jun. 2, 2005 and U.S.
Pat. No. 7,023,055, the entire contents of each are incorpo-
rated herein by reference.

The semiconductor substrate 12 may also include a first
doped (n- or p-) region, and a second doped (n- or p-) region.
For clarity, the doped regions are not specifically shown 1n
any of the drawings of the present application. The first doped
region and the second doped region may be the same, or they
may have different conductivities and/or doping concentra-
tions. These doped regions are known as “wells” and they are
formed utilizing conventional 1on 1implantation processes.

At least one 1solation region 18 1s typically formed 1nto the
semiconductor substrate 12. The at least one 1solation region
18 may be a trench 1solation region (as shown in FIG. 1) or a
field oxide 1solation region (not specifically shown 1n the
drawings). The trench 1solation region can be formed utiliz-
ing a conventional trench 1solation process well known to
those skilled 1n the art. For example, lithography, etching and
filling of the trench with a trench dielectric may be used 1n
forming the trench 1solation region. Optionally, a liner may be
formed 1n the trench prior to trench fill, a densification step
may be performed after the trench fill and a planarization
process may follow the trench fill as well. The field oxide may
be fanned utilizing a so-called local oxidation of silicon pro-
cess. Note that the at least one isolation region provides
isolation between neighboring gate regions, typically
required when the neighboring gates have opposite conduc-
tivities, 1.e., nFETs and pFETs. The 1solation region 18 1s
typically present between the various device regions of the
substrate, 1.e., between first device region 14 and second
device region 16.

After processing the semiconductor substrate 12, a chemox
layer (not shown) 1s optionally formed on the surface of the
semiconductor substrate 12. The optional chemox layer 1s
formed utilizing a conventional growing technique that is
well known to those skilled 1n the art including, for example,
oxidation or oxymtridation. In some embodiments, the
chemox layer 1s formed by a wet chemical oxidation process.
When the substrate 12 1s a Si-containing semiconductor, the
chemox layer 1s comprised of silicon oxide, silicon oxynitride
or a nitrided silicon oxide. When the semiconductor substrate
12 1s other than a Si-containing semiconductor, the chemox
layer may comprise a semiconducting oxide, a semiconduct-
ing oxynitride or a nitrided semiconducting oxide. The thick-
ness of the chemox layer 1s typically from 0.5 nm to 1.5 nm,
with a thickness from 0.8 nm to 1 nm being more typical. The
thickness, however, may be different after processing at
higher temperatures, which are usually required during FET
or CMOS fabrication.

High k gate dielectric 20 1s formed atop the semiconductor
substrate 12. In some embodiments, and as 1illustrated, the
high k gate dielectric 20 can be formed directly on a surface of
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the semiconductor substrate 12. In other embodiments, the
high gate dielectric 20 can be formed on a surface of the
chemox layer described above. In some embodiments and as
illustrated 1n FIG. 1, the high k gate dielectric 20 1n both
device regions 1s comprised of a same high k gate dielectric
material. In other embodiments (not particularly 1llustrated),
the high k gate dielectric in the first device region 1s composed
of a different high k gate dielectric material than the high k
gate dielectric 1n the second device region. When such an
embodiment 1s employed, block masks can be used in pro-
viding different high k gate dielectric materials to the differ-
ent device regions.

The high k gate dielectric 20 employed includes any dielec-

tric metal oxide having a dielectric constant that 1s greater
than the dielectric constant of silicon oxide, e.g., 3.9. Typi-
cally, the high k gate dielectric 20 that 1s employed has a
dielectric constant greater than 4.0, with a dielectric constant
of greater than 8.0 being even more typical. Exemplary high
k dielectric materials 1include, but are not limited to H1O,,
/r0,, La,0;, Al,O3, T10,, Sr110;, LaAlO;, Y,0;, HIO, N,
ZrO N, La,O N, ALO N_, SrTiO N, LaAIO N, Y, O N__
a silicate thereot, and an alloy thereof. Multilayered stacks of
these high k materials can also be employed as the high k gate
dielectric 20. Each value of x 1s independently from 0.5 to 3
and each value of y 1s independently from O to 2.
The thickness of the high k gate dielectric 20 may vary
depending on the technique used to form the same. Typically,
however, the high k gate dielectric 20 has a thickness from 0.5
nm to 10 nm, with a thickness from 1.0 nm to 5 nm being even
more typical. The high k gate dielectric 20 employed may
have an effective oxide thickness on the order of, or less than,
1 nm.

The high k gate dielectric 20 1s formed by methods well
known 1n the art imncluding, for example, chemical vapor
deposition (CVD), physical vapor deposition (PVD),
molecular beam deposition (MBD), pulsed laser deposition
(PLD), liquid source misted chemical deposition (LSMCD),
atomic layer deposition (ALD), and other like deposition
Processes.

Reterring to FIG. 2, there 1s 1llustrated the structure of FIG.
1 after forming a first block mask 22 on an upper surface of the
high k gate dielectric 20 within one of the device regions. In
the 1llustrated embodiment, the first block mask 20 1s formed
on an upper surtace of the high k gate dielectric 20 that 1s
within the second device region 16. In another embodiment
(not illustrated), the first block mask 22 can be formed atop
the high k gate dielectric 20 in the first device region 14. The
first block mask 22 can be comprised of a hard mask, a
photoresist or a combination thereof. In embodiments in
which the first block mask 22 1s comprised of a hard mask, the
hard mask may include any conventional hard mask material
including, but not limited to silicon oxide and/or silicon
nitride. When the first block mask 22 1s comprised of a pho-
toresist, any conventional photoresist material that can serve
as block mask can be employed in the present invention. In
some embodiments, 1t 1s preferred to use a photoresist as a
block mask material.

The first block mask 22 can be formed by techniques that
are well known to those skilled 1n the art. In one embodiment,
the first block mask 22 can be formed by blanket deposition of
a layer of a block mask material across the upper surface of
the high k gate dielectric 20 1n both the first device region 14
and the second device region 16. Deposition of the layer of
block mask material includes any known deposition process
such as, for example, chemical vapor deposition (CVD),
plasma enhanced chemical vapor deposition (PECVD),
atomic layer deposition (ALD), physical vapor deposition

-
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(PVD), chemical solution deposition and spin-on coating. In
some embodiments, a thermal growing technique such as
oxidation and/or nitridation can be used in forming the blan-
ket layer of block mask material.

Following deposition, the blanket layer of block mask
material 1s patterned nto first block mask 22. The patterning
can include lithography alone or a combined lithography and
etching process. Lithography alone 1s typically employed
when the first block mask 22 1s comprised only of a photore-
s1st material. When the first block mask 22 includes a hard
mask material, combined lithography and etching 1s typically
employed. The term “lithography™ 1s used herein to denote a
process ol exposing a photoresist material to a desired pattern
of radiation and then developing the exposed resist material.
The etching step used 1n patterning the blanket layer of the
first block mask material includes dry etching, wet etching or
a combination of dry etching and wet etching. Dry etching
includes one of reactive 10on etching (RIE), plasma etching,
ion beam etching, and laser ablation. Wet etching includes the
use of a chemical etchant.

The thickness of the first block mask 22 can vary depend-
ing on the type of block mask material employed, the number
of layers within the first block mask 22, and the deposition
technique that 1s employed in forming the same. Typically,
the first block mask 22 has a thickness from 3 nm to 300 nm,
with a thickness from 10 nm to 150 nm being more typical.

As shown 1n FIG. 2, the first block mask 22 protects the
high k gate dielectric 20 within one of the device regions,
while leaving the high k gate dielectric 20 exposed in the
another device region.

Referring now to FI1G. 3, there 1s 1llustrated the structure of
FIG. 2 after forming a first threshold voltage adjusting mate-
rial 24 on all exposed surfaces of the structure. In particular,
and as shown 1n FIG. 3, the first threshold voltage adjusting
material 24 1s formed atop the exposed upper surface of the
high k gate dielectric 20 1n one of the device regions not
including the first block mask 22, as well as atop the first
block mask 22 1n the another device region including the first
block mask 22; note also that a portion of the first threshold
voltage adjusting material also forms on the exposed side-
walls of the first block mask 22.

The term “threshold voltage adjusting material” as used
throughout the instant application denotes a material that
moves the threshold voltage of a gate stack towards either an
nFET or pFET band edge. The first threshold voltage adjust-
ing material 24 employed may include an nFET threshold
voltage adjusting material or a pFET threshold voltage adjust-
ing material. The type of threshold voltage adjusting material
employed 1n this step 1s dependent on which conductivity
typedevice, e.g.,nFET or pFET, 15 being fabricated within the
specific device region.

One example of an nFET threshold voltage adjusting mate-
rial that can be used as the first threshold voltage adjusting,
material 24 1s a rare earth metal-containing material that
comprises an oxide or nitride of at least one element from
Group IIIB of the Periodic Table of Elements (CAS version)
including, for example, La, Ce, Pr, Nd, Pm, Sm, Eu, Ga, Tb,
Dy, Ho, Er, Tm, Yb, Lu or mixtures thereof. Preferably, the
rare earth metal-containing material comprises an oxide of
La,Ce,Y, Sm, Erand/or Tb, with La,O, being more preferred.

The rare earth metal-containing material can be formed
utilizing a conventional deposition process including, for
example, evaporation, molecular beam deposition, metalor-
gano chemical vapor deposition (MOCVD), atomic layer
deposition (ALD), physical vapor deposition (PVD), 1oni1zed
PVD and other like deposition processes. In one embodiment
of the present invention, the rare earth metal-containing mate-

10

15

20

25

30

35

40

45

50

55

60

65

10

rial can be formed by placing the structure including the high
k gate dielectric into the load-lock of a molecular beam depo-
sition chamber, followed by pumping this chamber down to
the range of 10~ Torrto 10™° Torr. After these steps, the
structure 1s mserted, without breaking vacuum into the
growth chamber where the rare earth metal-containing mate-
rial such as La oxide 1s deposited by directing atomic/mo-
lecular beams of the rare earth metal and oxygen or nitrogen
onto the structure’s surface. Specifically, because of the low
pressure of the chamber, the released atomic/molecular spe-
cies are beamlike and are not scattered prior to arriving at the
structure. A substrate temperature of about 300° C. 1s used. In
the case of La,O; deposition, the La evaporation cell 1s held in
the temperature range of 1400° C. to 1700° C., and a flow rate
of 1 sccm to 3 sccm of molecular oxygen 1s used. Alterna-
tively, atomic or excited oxygen may be used as well, and this
can be created by passing the oxygen through a radio fre-
quency source excited in the range of 50 Watts to 600 Watts.
During the deposition, the pressure within the chamber can be
in the range from 1x107> Torr to 8107 Torr, and the La oxide
growth rate can be 1n the range from 0.1 nm per minute to 2
nm per minute, with a range from 0.5 nm per minute to 1.5 nm
per minute being more typical.

Another example of an nFET threshold voltage adjusting
material that can be employed as the first threshold voltage
adjusting material 24 1s an alkaline earth metal-containing
material that comprises a compound having the formula MA
wherein M 1s an alkaline earth metal (Be, Mg, Ca, Sr, and/or
Ba), A 1s one of O, S and a halide, and x 1s 1 or 2. Alkaline

carth metal-containing compounds that include a mixture of
alkaline earth metals and/or a mixture of anions, such as an
oxychloride can also be used as an nFET threshold voltage
adjusting material. Examples of alkaline earth metal-contain-
ing compounds that can be used include, but are not limited to
MgO, MgS, Mgk, MgCl,, MgBr,, Mgl,, CaO, CaS, CaF ,,
Ca(Cl,, CaBr,, Cal,, SrO, SrS, SrF,, SrCl,, SrBr,, Srl,, BaO,
BaS, BaF,, BaCl,, BaBr,, and Bal.,,. In one preferred embodi-
ment of the present invention, the alkaline earth metal-con-
taining compound 1ncludes Mg. MgO 1s a highly preferred
alkaline earth metal-containing material employed 1n one

embodiment of the present invention.

The alkaline earth metal-containing material can be
formed utilizing a conventional deposition process including,
for example, sputtering from a target, reactive sputtering of an
alkaline earth metal under oxygen plasma conditions, elec-
troplating, evaporation, molecular beam deposition,
MOCVD, ALD, PVD, 1onized PVD and other like deposition
Processes.

In addition to nFET threshold voltage adjusting materials,
the first threshold voltage adjusting material 24 can alterna-
tively be a pFET threshold voltage adjusting matenial.
Examples of pFET threshold voltage adjusting matenals
include Al (and 1ts compounds that are non-conductive such
as, for example Al,O,), Ge (and 1ts compounds that are non-
conductive such as, for example GeQO, ), and non-conductive
compounds of T1 and Ta such as, T10, and Ta,O; respectively.

The pFET threshold voltage adjusting materials can be
formed utilizing conventional deposition processes well
known to those skilled 1n the art including, but not limited to
chemical vapor deposition (CVD), plasma enhanced chemi-
cal vapor deposition (PECVD), chemical solution deposition,
atomic layer deposition (ALD), physical vapor deposition
(PVD), iomized PVD, sputtering and plating.

Notwithstanding the type of material used as the first
threshold voltage adjusting material 24, the first threshold
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voltage adjusting material 24 has a thickness from 0.1 nm to
5.0 nm, with a thickness from 1.0 nm to 3.0 nm being more
typical.

Referring now to FIG. 4, there 1s shown the structure of
FIG. 3 after removing the first threshold voltage adjusting
material 24 and the first block mask 22 from the one device
region, while leaving a portion of the first threshold voltage
adjusting material 24 within another device region of the
substrate. In particular, FIG. 4 illustrates a structure after
removing the first threshold voltage adjusting material 24 and
the first block mask 22 from the second device region 16. As
shown 1n FIG. 4, a portion of the first threshold voltage
adjusting material 24 remains in the first device region 14.
The removal of the first threshold voltage adjusting material
24 and the underlying first block mask 22 from one of the
device regions 1s performed utilizing any process that can
selectively remove the first threshold voltage adjusting mate-
rial 24 and the first block mask 22 from one of the device
regions. In one embodiment, a photoresist stripping process
such as, for example, ashing, can be used 1n removing the first
threshold voltage adjusting material 24 and the first block
mask 22 from one of the device regions. In another embodi-
ment, solvent strip chemistry can be used 1n removing the first
threshold voltage adjusting material 24 and the first block
mask 22 from one of the device regions.

Referring now to FIG. 5, there 1s shown the structure of
FIG. 4 after forming a second block mask 22" within the
device region that includes the remaining portion of the first
threshold voltage adjusting material 24. In particular, FIG. 5
shows a second block mask 22' located atop the first threshold
voltage adjusting material 24 within the first device region 14.
In the other device region, an upper surface of the high k gate
dielectric 20 1s exposed.

The second block mask 22' can be comprised of one of the
materials used in forming the first block mask 22. Also, the
second block mask 22' can be formed utilizing one of the
techniques mentioned above 1n forming the first block mask
22. The thickness of the second block mask 22' 1s within the
thickness range mentioned above for the first block mask 22.

Referring now to FIG. 6, there 1s 1llustrated the structure of
FIG. § after forming a second threshold voltage adjusting
material 26 atop all exposes surfaces of the structure. In
particular, the second threshold voltage adjusting material 26
1s formed atop the exposed high k gate dielectric 20 1n one of
the device regions, and atop and on sidewalls of the second
block mask 22' in the another device region that 1s being
protected by the second block mask 22'.

The second threshold Voltage adjusting material 26 shown
in FI1G. 6 1s the other of the nFET or pFET threshold voltage
adjusting material not employed as the first threshold voltage
adjusting material 24. That 1s, when the first threshold voltage
adjusting material 24 1s a pFET threshold voltage adjusting
material, the second threshold voltage adjusting material 26 1s
an nFET threshold voltage adjusting material. Conversely,
when the first threshold voltage adjusting material 24 1s an
nFET threshold voltage adjusting material, the second thresh-
old voltage adjusting material 26 1s a pFET threshold voltage
adjusting material.

The second threshold voltage adjusting material 26 1s
applied utilizing one of the techniques described above 1n
respect to the first threshold voltage adjusting material 24.
The thickness of the second threshold voltage adjusting mate-
rial 26 1s within the range recited above for the first threshold
voltage adjusting material 24.

Referring now to FI1G. 7, there 1s 1llustrated the structure of
FIG. 6 after removing the second threshold voltage adjusting
material 26 and the second block mask 22' from the one
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device region, while leaving a portion of the second threshold
voltage adjusting material 26 within another device region of
the substrate. In particular, FIG. 7 illustrates a structure after
removing the second threshold voltage adjusting material 26
and the second block mask 22' from the first device region 14.
As shown 1n FIG. 7, a portion of the second threshold voltage
adjusting material 26 remains 1n the second device region 16.
The removal of the second threshold voltage adjusting mate-
rial 26 and the underlying second block mask 22' from one of
the device regions 1s performed utilizing any process that can
selectively remove the second threshold voltage adjusting
material 26 and the second block mask 22' from one of the
device regions. In one embodiment, a photoresist stripping
process such as, for example, ashing, can be used in removing
the second threshold voltage adjusting material 26 and the
second block mask 22' from one of the device regions. In
another embodiment, solvent strip chemistry can be used 1n
removing the second threshold voltage adjusting material 26
and the second block mask 22' from one of the device regions.

Referring now to FIG. 8, there 1s shown the structure of
FIG. 7 after forming a conductive material 28 atop the
remaining first and second threshold voltage adjusting mate-
rials (24 and 26) present in the different device regions. The
conductive material 28 that 1s employed may comprise any
conductive material including, but not limited to polycrystal-
line silicon, polycrystalline silicon germanium, an elemental
metal, (e.g., tungsten, titanium, tantalum, aluminum, nickel,
ruthenium, palladium and platinum), an alloy of at least one
clemental metal, an elemental metal nitride (e.g., tungsten
nitride, aluminum nitride, and titanium mitride), an elemental
metal silicide (e.g., tungsten silicide, nickel silicide, and tita-
nium silicide) and multilayers thereof. Preferably, the con-
ductive material 28 that 1s formed atop the remaining thresh-
old voltage adjusting materials (24 and 26) includes at least an
clemental metal. In one embodiment of the present invention,
a single layer of conductive material 1s formed. In another
embodiment of the present invention, a first layer of conduc-
tive material and a second layer of conductive material are
formed. In a preferred embodiment, conductive material 28
includes a stack, from bottom to top, of a conductive metal
layer and an upper conductive Si-containing material layer;
the conductive metal layer has a higher conductivity than the
conductive Si-containing material layer. In some embodi-
ments and as 1llustrated 1n FIG. 8, the conductive material 28
1s comprised of the same conductive material in both device
regions. In yet other embodiments (not shown), the conduc-
tive material 1n the first device region 1s comprised of a
different conductive material than the conductive material 1n
the second device region. Such an embodiment can be
obtained utilizing block masks technology.

The conductive material 28 can be formed utilizing a con-
ventional deposition process including, for example, chemi-
cal vapor deposition (CVD), plasma enhanced chemical
vapor deposition (PECVD), evaporation, physical vapor
deposition (PVD), sputtering, chemical solution deposition,
atomic layer deposition (ALD) and other liked deposition
processes. When Si-containing materials are used as the con-
ductive material 28, the Si-containing materals can be doped
within an appropriate impurity by utilizing either an in-situ
doping deposition process or by utilizing deposition, fol-
lowed by a step such as 1on implantation in which the appro-
priate impurity 1s introduced into the Si-containing material.
When a metal silicide 1s formed, a conventional silicidation
process 1s employed.

The as deposited conductive material 28 typically has a
thickness from 10 nm to 1000 nm, with a thickness from 350
nm to 500 nm being more typical.
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In some embodiments, an optional hard mask material (not
shown) can be formed atop the conductive material 28. The
optional hard mask material includes an oxide, a nitride, an
oxynitride or any combination thereof including multilayered
stacks. When present, the optional hard mask material 1s
formed utilizing a conventional deposition process well
known to those skilled in the art including, for example, CVD
and PECVD. Alternatively, the optional hard mask material 1s
tormed by a thermal process such as, for example, oxidation
and/or nitridation. The thickness of the optional hard mask
material may vary depending on the exact hard mask material
employed as well as the process that 1s used in forming the
same. Typically, the hard mask material has a thickness from
5 nm to 200 nm, with a thickness from 10 nm to 50 nm being,
more typical. The hard mask material 1s typically employed
when the conductive material 1s a Si1-containing material such
as polysilicon or Si1Ge.

Referring now to FIG. 9, there 1s shown the structure of
FIG. 8 after patterning the material stack in each of the device
regions and after further CMOS device fabrication steps have
been performed. The material stack including the high k gate
dielectric 20, the first threshold voltage adjusting material 24
and the conductive material 28 1n one of the device regions,
and the material stack including the high k gate dielectric 20,
the second threshold voltage adjusting material 26 and the
conductive material 28 1n the another device region are pat-
terned by lithography and etching to form a first patterned
gate stack 30 in the first device region 14 and a second
patterned gate stack 32 1n the second device region 16.

The first patterned gate stack 30 includes, from bottom to
top, patterned high k gate dielectric 20, patterned first thresh-
old voltage adjusting layer 24', and patterned conductive
material 28'. The second patterned gate stack 32 includes,
from bottom to top, patterned high k gate dielectric 20", pat-
terned second threshold voltage adjusting material 26', and
patterned conductive material 28'. An optional patterned hard
mask can be located atop each of the patterned conductive
materials 28'. The structure including the patterned gate
stacks 1s shown 1n FI1G. 9. In some embodiments (not shown),
species from the patterned first threshold voltage adjusting
layer 24' and the patterned second threshold voltage adjusting
layer 26' may diffuse into at least one material layer that 1s
located above and/or beneath layers 24" and 26'.

FIG. 9 also shows a structure after further CMOS device
processing steps have been performed. The further CMOS
device processing steps can mclude extension region 34 for-
mation, spacer 36 formation, source/drain region 38 forma-
tion, and formation of metal semiconductor alloy contacts 40
atop at least each of the source/drain regions 38. In some
embodiments of the invention, the patterned hard mask atop
cach of the patterned gate stacks can be removed prior to
tforming the contacts 40 such that a metal semiconductor alloy
contact can be formed atop the patterned conductive material
28"

The extension regions 34 are formed utilizing any known
extension 1on implantation process. After the extension 1on
implantation, an anneal can be used to activate the implanted
extension 1ons. The spacer 36 1s formed utilizing any known
process including deposition of a spacer material, followed
by etching. Typical spacer materials include an oxide and/or
a nitride.

After formation of the spacer 36, source/drain regions 38
are formed 1nto an upper exposed surface of the substrate at
the footprint of each of the patterned gate stacks. The source/
drain regions 38 are formed utilizing a source/drain 10n
implantation process followed by annealing. The metal semi-
conductor alloy contacts 40 are formed utilizing any process
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that 1s capable of forming a metal semiconductor alloy atop a
semiconductor material. In one embodiment of the invention,
the metal semiconductor alloy contacts 40 are formed utiliz-
ing a silicide process. The silicide process can be self-aligned
to the outer edge of the spacer 36. The silicide process
includes forming a metal capable of forming a metal semi-
conductor alloy when reacted with a semiconductor materal.
The metal used 1n forming the metal semiconductor alloy
contact 40 can include, but 1s not limited to tantalum, tita-
nium, tungsten, ruthenium, cobalt, nickel, or any suitable
combination of those materials. A diffusion barrier such as
titanium nitride or tantalum nitride can be formed atop the
metal. An anneal 1s performed that causes reaction between
the metal and the underlying semiconductor material forming
metal semiconductor alloy regions. Typically, the anneal 1s
performed at a temperature of at least 250° C. or above. A
single anneal step or multiple anneal steps can be used. Any
non-reacted metal and the optional diffusion barrier are
removed after the anneal has been performed. In some
embodiments, a metal semiconductor alloy contact can be
formed directly atop the patterned conductive material 28",
when no optional patterned hard mask 1s present and the
conductive material 1s composed of a Si1-containing material.

Referring now to FIGS. 10-18, there 1s shown a second
embodiment of the present invention 1n which threshold volt-
age patterning 1s performed prior to formation of a high k gate
dielectric.

In the second embodiment, an 1nitial structure 10' such as
shown 1n FIG. 10 can be employed. The imitial structure 10'
includes a semiconductor substrate 12 having at least a first
device region 14 and at least a second device region 16. At
least one 1solation region 18 can also be present within the
semiconductor substrate 12 as shown 1n FIG. 10. The mitial
structure 10' illustrated 1n FIG. 10 includes materials that
were mentioned above for the initial structure 10 shown in
FIG. 1 except that no high k gate dielectric 1s present on the
upper surface of the semiconductor substrate 12. Although
FIG. 10 1llustrates that semiconductor substrate 12 has a bare
upper surface, the second embodiment also can utilize an
initial structure 1n which an optional chemox layer 1s present
on the upper surface of the semiconductor substrate 12. The
semiconductor substrate 12 1illustrated in FIG. 10 can be
processed as described above for the semiconductor substrate
12 shown 1n FIG. 1.

Referring now to FIG. 11, there 1s illustrated the structure
of FIG. 10 after forming a first block mask 22 atop an upper
surtace of the semiconductor substrate 1n one of the device
regions, while leaving the upper surface of the semiconductor
substrate 12 1n another device region exposed. The first block
mask 22 can be comprised of one of the block mask materials
mentioned above 1n the first embodiment of the invention and
it can be formed utilizing the processing also described in the
first embodiment of the mvention. The location of the first
block mask 22 may vary and 1s not limited to the embodiment
depicted 1n FIG. 11.

Referring now to FI1G. 12, there 1s 1llustrated the structure
of FIG. 11 after forming a first threshold voltage adjusting
material 24 on all exposed surfaces of the structure shown in
FIG. 11. The first threshold voltage adjusting material 24
employed 1n the second embodiment of the present invention
can be comprised of one of the threshold voltage adjusting
materials mentioned above for the first threshold voltage
adjusting material 24 1n the first embodiment of the present
invention. The first threshold voltage adjusting material 24 of
the second embodiment can be formed utilizing one of the
processing techniques used 1n the first embodiment for form-
ing the first threshold voltage adjusting material.
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Referring to FIG. 13, there 1s illustrated the structure of
FIG. 12 after removing the first threshold voltage adjusting
material 24 and the first block mask 22 from one of the device
regions, while maintaining the first threshold voltage adjust-
ing material 24 in the another device region. The selective
removal of the first threshold voltage adjusting material 24
and the first block mask 22 from one of the device regions can
be achieved utilizing one of the techniques used 1n the first
embodiment of the invention for selectively removing those
materials from the structure.

Referring now to FI1G. 14, there 1s illustrated the structure
of FIG. 13 after forming a second block mask 22' atop the first
threshold voltage adjusting material 24 that remained 1n one
of the device regions. The second block mask 22' can be
comprised of one of the block mask materials mentioned
above 1n the first embodiment of the invention and 1t can be
formed utilizing the processing also described in the first
embodiment of the invention.

Referring now to FIG. 15, there 1s illustrated the structure
of F1G. 14 after forming a second threshold voltage adjusting
material 26 on all exposed surfaces of the structure shown in
FIG. 14. The second threshold voltage adjusting material 26
can be comprised of one of the threshold voltage adjusting
materials described above 1n the first embodiment and 1t can
be formed also utilizing one of the processing techniques
mentioned above 1n the first embodiment as well.

Referring now to FIG. 16, there 1s illustrated the structure
of FIG. 15 after removing the second threshold voltage
adjusting material 26 and the second block mask 22' from one
of the device regions, while maintaining the second threshold
voltage adjusting material 26 1n another device region. The
selective removal of the second threshold voltage adjusting
material 26 and the second block mask 22' from one of the
device regions can be achieved utilizing one of the techniques
used 1n the first embodiment of the mvention for selectively
removing those materials from the structure.

Referring now to FI1G. 17, there 1s illustrated the structure
of FIG. 16 after forming a stack including, from bottom to
top, a high k gate dielectric 20 and a conductive material 28
atop the first threshold voltage adjusting material 24 1n one
device region and atop the second threshold voltage adjusting
material 26 in another device region. The high k gate dielec-
tric 20 of this embodiment can be comprised of one of the
high k gate dielectrics mentioned 1n the first embodiment and
the high k gate dielectric 20 used 1n this embodiment can be
formed as mentioned above 1n the first embodiment. The high
k gate dielectric 20 may be comprised of the same high k gate
dielectric material 1n the various device regions, or the high k
gate dielectric 20 in each device region may be comprised of
a different high k gate dielectric material. When different high
k gate dielectrics are employed block mask technology can be
used to selectively form the different high k gate dielectric
materials within the ditferent device regions. The conductive
material 28 of this embodiment can be comprised of one of
the conductive materials mentioned 1n the first embodiment
and the conductive material 28 used 1n this embodiment can
be formed as mentioned above 1n the first embodiment. The
conductive material 28 can be comprised of the same conduc-
tive material 1n the various device regions, or the conductive
material 28 1n each device region may be comprised of a
different conductive material. When different conductive
materials are employed block mask technology can be used to
selectively form the different conductive materials within the
different device regions.

Referring now to FIG. 18, there 1s shown the structure of
FIG. 17 after gate patterning and further CMOS process. The
gate patterning and further CMOS process used 1n the second
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embodiment can include the gate patterning and further
CMOS processing used 1n the first embodiment. Specifically,
FIG. 18 shows a first patterned gate stack 30" including, from
bottom to top, a patterned first threshold voltage adjusting
material 24', a patterned high k gate dielectric 20' and a
patterned conductive material 28' and a second patterned gate
stack 32' including, from bottom to top, a patterned second
threshold voltage adjusting material 26', a patterned high k
gate dielectric 20", and a patterned conductive material 28'.
The structure shown in FIG. 18 also includes extension
regions 34, source/drain regions 38, spacer 26 and metal
semiconductor alloy contacts 40 which are each comprised of
materials and/or formed as described above in the first
embodiment of the mnvention.

Reference 1s now made to FIGS. 19-25 which 1llustrate a
third embodiment of the present invention. In the third
embodiment of the invention, a method of fabricating a
complementary metal oxide semiconductor (CMOS) struc-
ture with tunable threshold voltage i1s disclosed 1n which some
threshold voltage adjusting matenials are selectively formed
prior to the formation of a high k gate dielectric and other
threshold voltage adjusting maternials are selectively formed
after formation of the high k gate dielectric such that some
threshold voltage adjusting material are located beneath the
high k gate dielectric and other threshold voltage adjusting
materials are formed atop the high k gate dielectric.

Reference 1s first made to FIG. 19 which illustrates an
initial structure 50 that can be employed 1n a third embodi-
ment of the invention. The 1nitial structure 50 1includes a first
threshold voltage adjusting material 24 located atop a surface
of a semiconductor substrate 12 in one device region, €.g.,
first device region 14, while the upper surface of the semi-
conductor substrate 12 1n another device region, e.g., second
device region 16, 1s exposed. The semiconductor substrate 12
used in the third embodiment 1s comprised of one of the
semiconductor materials mentioned above for substrate 12 1n
the first embodiment. The semiconductor substrate 12 can be
processed as disclosed above 1n the first embodiment as well.
In some embodiments, the semiconductor substrate 12 can
include an optional chemox layer thereon in both device
regions.

The first threshold voltage adjusting material 24 includes
one of the materials mentioned above for the first threshold
voltage adjusting material 24 1n the first embodiment. The
first threshold voltage adjusting material 24 1s formed by {first
providing a first block mask (not specifically shown) to one of
the device regions, forming the threshold voltage adjusting
material 24 on all exposed surfaces and then selectively
removing the first threshold voltage adjusting material 24 and
the first block mask from one of the device regions. The first
block mask employed 1n the third embodiment can include
one of the first block mask materials used in the first embodi-
ment of the mvention and 1t can be formed as described 1n the
firstembodiment as well. The first threshold voltage adjusting
material 24 can be comprised of one of the threshold voltage
adjusting materials mentioned above 1n the first embodiment
and 1t can be formed utilizing one of the processes mentioned
above as well. The selective removal of the first threshold
voltage adjusting material and the first block mask from one
of the device regions, while maintaiming the first threshold
voltage adjusting material 24 1n another device can be per-
formed utilizing one of the selective removal processes men-
tioned above in regard to the first embodiment.

Reference 1s now made to FIG. 20 which illustrates the
structure of FI1G. 19 after forming a high k gate dielectric 20
all exposed surfaces of the structure. The high k gate dielec-
tric 20 can be comprised of one of the materials mentioned
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above for the high k gate dielectric 1n the first embodiment
and 1t can be formed utilizing one of the techniques described
above 1n the first embodiment as well.

Referring now to FIG. 21, there 1s illustrated the structure
of F1G. 20 after forming a second block mask 22" atop the high
k dielectric that 1s located atop the first threshold voltage
adjusting material 24. The second block mask 22' employed
in this embodiment can be comprised of one of the second
block mask materials used in the first embodiment and 1t can
be formed utilizing the technique described above in the first
embodiment.

Referring now to FI1G. 22, there 1s illustrated the structure
of FIG. 21 after formation of a second threshold voltage
adjusting material 26 atop all exposed surfaces of the struc-
ture. The second threshold voltage adjusting material 26 can
be comprised of one of the second threshold voltage adjusting
materials mentioned above 1n the first embodiment and 1t can
be fabricated utilizing one of the techniques mentioned 1n the
first embodiment as well.

Referring now to FI1G. 23, there 1s illustrated the structure
of FIG. 22 after removing the second threshold voltage
adjusting material 24 and the second block mask 22' from one
of the device regions, while leaving the second threshold
voltage adjusting material 24 atop the high gate k dielectric 20
in another device region. This step of the present invention 1s
performed utilizing one of the techniques mentioned above 1n
the first embodiment as well.

Referring now to FIG. 24, there 1s illustrated the structure
of FIG. 23 after forming a conductive material 28 atop all
exposed surfaces of the structure. The conductive material 28
can be comprised of one of the conductive materials men-
tioned above 1n the first embodiment and 1t can be formed
utilizing one of the techniques mentioned above as well.

Referring to FIG. 25, there 1s illustrated the structure of
FIG. 24 after gate patterning and further CMOS processing.
The details concerning the gate patterning and the further
CMOS processing are described 1n the first embodiment. In
the 1llustrated structure, a first patterned gate stack 30" 1s
provided that includes, from bottom to top, a patterned first
threshold voltage adjusting material 24', a patterned high k
dielectric 20", and a patterned conductive material 28', and a
second patterned gate stack 32" 1s provided that includes,
from bottom to top, a patterned high k gate dielectric 20', a
patterned second threshold voltage adjusting material 26' and
a patterned conductive material 28'. The structure further
includes extension regions 34, source/drain regions 38,
spacer 36, and metal semiconductor alloy contacts 40.

Although the various methods mentioned above describe
and 1llustrate the patterning of both the first and second
threshold voltage adjusting material layers in the CMOS
devices, the various methods described above can also
involve the patterning of a subset of the threshold voltage
adjusting material layers used and a combination thereof.
That 1s, the various methods can be used to pattern one of the
two threshold voltage adjusting material layers mentioned
above, while the other remains as an unpatterned layer within
the structure.

Although the wvarious methods mentioned above are
described and 1llustrated for applications 1n forming planar
CMOS devices, the various methods described above can also
be integrated into non-planar semiconductor devices such as,
for example, inFET devices.

While the present invention has been particularly shown
and described with respect to preferred embodiments thereof,
it will be understood by those skilled 1n the art that the fore-
going and other changes 1n forms and details may be made
without departing from the spirit and scope of the present
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invention. It 1s therefore mtended that the present invention
not be limited to the exact forms and details described and

illustrated, but fall within the scope of the appended claims.

What 1s claimed 1s:
1. A method of fabricating a complementary metal oxide
semiconductor (CMOS) structure comprising:
providing a structure including a high k gate dielectric
located atop a semiconductor substrate, said semicon-
ductor substrate including at least two device regions;

forming a first block mask on a surface of the high k gate
dielectric 1n one of the device regions, while leaving the
high k gate dielectric exposed 1n another device region;

forming a first threshold voltage adjusting material on the
first block mask 1n the one device region and atop the
exposed high k gate dielectric 1n the another device
region;

removing the first threshold voltage adjusting material and

the first block mask from the one device region, while
maintaining the first threshold voltage adjusting mate-
rial 1n the another device region;

forming a second block mask on the first threshold voltage

adjusting material, while leaving the high k gate dielec-
tric within the one device region exposed;

forming a second threshold voltage adjusting material on

the second block mask 1n the another device region and
atop the exposed high k gate dielectric 1n the one device
region; and

removing the second threshold voltage adjusting material

and the second block mask from the another device
region, while maintaining the second threshold voltage
adjusting material 1n the one device region.

2. The method of claim 1 wherein said providing the struc-
ture includes forming a chemox layer between the high k gate
dielectric and the semiconductor substrate.

3. The method of claim 1 wherein said forming the first
block mask includes selecting a block mask matenal selected
from a hard mask, a photoresist or a combination thereof.

4. The method of claim 1 wherein said forming the first
block mask includes formation of a block mask matenal,
exposure to a desired pattern of radiation and optionally etch-
ng.

5. The method of claim 1 wherein said forming the first
threshold voltage adjusting material includes selecting from a
pFET threshold voltage adjusting material or an nFET thresh-
old voltage adjusting material.

6. The method of claim 5 wherein said first threshold volt-

age adjusting material 1s an nFET threshold voltage adjusting
material.

7. The method of claim 6 wherein said nFET threshold
voltage adjusting material 1s a rare earth metal-containing,
material comprising an oxide or nitride of at least one element
from Group IIIB of the Periodic Table of Elements or an
alkaline earth metal-containing material having the formula
MA __wherein M 1s an alkaline metal, A 1s one of O, S and a
halide, and x 1s 1 or 2.

8. The method of claim 5 wherein said first threshold volt-
age adjusting material 1s a pFET threshold voltage adjusting
material selected from Al, non conductive compounds of Al,
(e, non-conductive compounds of Ge, non-conductive com-
pounds ol T1 and non-conductive compounds of Ta.

9. The method of claim 1 wherein said removing the first
threshold voltage adjusting material and the first block mask
comprises a photoresist stripping process.

10. The method of claim 1 wherein said forming the second
block mask includes selecting a block mask material selected
from a hard mask, a photoresist or a combination thereof.
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11. The method of claim 1 wherein said forming the second
block mask includes formation of a block mask material,
exposure to a desired pattern of radiation and optionally etch-
ing.

12. The method of claim 1 wherein said forming the second
threshold voltage adjusting material includes selecting from
the other of a pFET threshold voltage adjusting material or an
nFET threshold voltage adjusting material not employed as
the first threshold voltage adjusting material.

13. The method of claim 1 wherein said removing the
second threshold voltage adjusting material and the second
block mask comprises a photoresist stripping process.

14. The method of claim 1 further comprising forming a
conductive material atop the first and second threshold volt-
age adjusting materials to form a material stack 1n each device
region.

15. The method of claim 14 further comprising patterning
the material stack 1n each device region to obtain a patterned
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gate stack in the one device region including, from bottom to
top, a patterned high k gate dielectric, a patterned second
threshold voltage adjusting material and a patterned conduc-
tive material, and a patterned gate stack 1n the another device
region including, from bottom to top, a patterned high k gate
dielectric, a patterned first threshold voltage adjusting mate-
rial and a patterned conductive material.

16. The method of claim 15 wherein each of the patterned
gate stacks forms a planar structure or a non-planar structure.

17. The method of claim 1 wherein one of the first threshold
voltage adjusting material and the second threshold voltage
adjusting material 1s not removed and as such the steps of
block mask formation and removal of one of the first thresh-
old voltage adjusting material and the second threshold volt-
age adjusting material 1s omitted.
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